Abstract This study was performed to investigate the efficacy of chemical sanitizers (viz., chlorine, chlorine dioxide, alcohol, and quaternary ammonium compound) against Bacillus cereus on five food contact materials under different conditions (smooth vs. scratched and with vs. without biofilms). After incubating materials in B. cereus suspension, cell adhesion on a smooth surface (10 cm 2 ) was in the following ascending order: stainless steel (7.36 ± 0.08 log CFU), glass (7.51 ± 0.26 log CFU), polyethylene (7.66 ± 0.30 log CFU), polypropylene (7.76 ± 0.30 log CFU), and wood (8.02 ± 0.33 log CFU). The efficacy of sanitizers was dramatically reduced in the presence of a biofilm on all materials. Among four different chemical sanitizers, chlorine showed the best bactericidal activity against B. cereus on the surface with scratch and biofilm. Selection of adequate materials, maintenance of a smooth surface, and inhibition of biofilm formation are good practices for food safety.
Introduction
Bacillus cereus is a Gram-positive endospore-forming pathogen that is ubiquitous in nature (Kotiranta et al., 2000) . The bacterium causes a foodborne illness with emetic or diarrheal symptoms (Andersson et al., 1998) . The emetic response is induced by toxic and heat-stable peptides secreted by B. cereus (Ehling-Schulz et al., 2004) , whereas diarrheal symptoms are caused by enterotoxins produced by the bacterium (Granum, 1994) . Because its natural habitat is soil, this pathogen commonly occurs on grains and vegetables during cultivation (Felske, 2004) . Thus, foodborne outbreaks due to B. cereus are a major safety concern in Asian countries where consumption of grain and vegetable is high (Kramer et al., 1989; Pan et al., 1997) . In addition, illnesses caused by B. cereus have gradually risen as a result of changes in the population's eating behavior, such as an increased frequency of dining out and use of institutional food services (Lee et al., 2013) . Furthermore, the pathogen is transmitted to foods and equipment during food preparation and processing, resulting in possible foodborne illness (Frank, 2001; Tauveron et al., 2006) . Owing to its spore-and biofilm-forming characteristics, B. cereus is difficult to control in the food industry, especially in food services (Faille et al., 1997) .
Moreover, this species has an ability to form biofilms on various types of food contact surfaces, such as stainless steel (SUS) and wood (Jullien et al., 2003; Peng et al., 2002) . Bacterial cells formed into a biofilm on food contact surfaces are extremely hard to remove since they are protected from outer stressors, such as cleaning, heat treatment, and chemical sanitization (Brooks and Flint, 2008; Giaouris et al., 2014) .
Along with physical methods, such as heat and ultraviolet light treatments, chemical sanitizers are frequently used in the food industry because of their cost-and laborsaving benefits. In order to achieve effective sanitization in food industries and school food services, guidelines for the use of these chemical sanitizers have been suggested by the Korea Ministry of Food and Drug Safety (KMFDS). However, the KMFDS guidelines focus on the control of floating bacterial vegetative cells, but not on cells within biofilms or spores (Jahid and Ha, 2012; Kim et al., 2008) . Thus, it is necessary to consider the presence of biofilms and spores in order to choose an adequate sanitizing method. The efficacy of sanitization differs depending on the presence of biofilms and the condition of the food contact surface (Kim et al., 2017) .
Food contact surfaces such as SUS, glass (GL), polyethylene (PE), polypropylene (PP), and wood are characterized by their degrees of hydrophobicity and roughness, which affect cleanability of the surface. The cleanability of the surface materials is as follows in ascending order: wood, PP, PE, GL, and SUS (Boulané-Petermann, 1996) . Materials with a hydrophobic surface except superhydrophobic surface like Teflon favor bacterial attachment and biofilm formation (Di Ciccio et al., 2015; Van Loosdrecht et al., 1987; Zhang et al., 2013) . Moreover, the condition of any surface is changed continuously through washing and scrubbing, with the eventual formation of cracks and scratches on the food contact surface (Chaturongkasumrit et al., 2011) . These changes in roughness of the surface provide a higher chance of bacterial attachment and biofilm formation (Moltz and Martin, 2005; Monk et al., 2004) . Thus, the roughness of the food contact surface also lowers the effectiveness of cleaning and sanitization (Hilbert et al., 2003; Lomander et al., 2004) .
Currently, guidelines for the chemical sanitization of food contact surfaces having formed biofilms and scratches are limited. It is important to assess the efficacy of chemical sanitizers for various types and roughness of food contact surface materials and in the presence of biofilms. Therefore, this study investigated the effects of several chemical sanitizers on the removal of B. cereus biofilm developed on food contact surfaces made from five different materials, with and without scratches.
Materials and methods

Bacillus cereus strains and culture conditions
Bacillus cereus ATCC 10,876, ATCC 13,061, BH09-3 (isolated from Perilla leaf), and BH09-5 (isolated from sprout) were obtained from the Food Microbiology Laboratory, Chung-Ang University (Anseong-si, Gyeonggi-do, Korea). The stock cultures were inoculated into 10 mL of tryptic soy broth (TSB; Difco, Detroit, MI, USA) and incubated at 37°C. Three consecutive 24-h transfers were made before the experiments. Each strain was harvested by centrifugation at 80009g for 5 min and washed twice with 0.1% peptone water (Difco). The harvested bacterial pellet of each strain was resuspended in 1% peptone water and mixed in an equal amount to prepare the B. cereus cocktail with 8-9 log colony forming units (CFU)/mL for the further experiments.
Coupon preparation
For the bacterial adhesion and biofilm formation experiments, coupons (2 9 5 cm 2 ) were made with different materials: stainless steel (SUS), glass (GL), polyethylene (PE), polypropylene (PP), and wood. For the surface roughness experiment, the coupons were scrubbed with a multi-purpose sponge (Scotch-brite, 3 M Korea, Seoul, Korea) for 15 min, washed with soap, immersed in 70% ethanol for 2 h, and then dried in an oven (FO-600 M; Jeio Tech Co, Ltd, Deajeon, Korea). All the coupons, except that of PE, were autoclaved; the PE coupons were sanitized by 3 h of UV treatment . For the field emission-scanning electron microscopy (FE-SEM) experiment, 1 9 1 cm 2 coupons were used.
Bacterial adhesion on the coupons
Each coupon was placed into a 50-mL conical tube containing 30 mL of TSB and 1 mL of bacterial suspension (Ryu and Beuchat, 2005) . Coupons were incubated for 4 h at room temperature to allow the bacterial cell adhesion. The coupon was then dried for 30 min on a clean bench (HS-CB-1600; Hansol Fine Lab., Seoul, Korea).
Biofilm formation on the coupons
For biofilm formation, a 100% relative humidity (RH) condition was first created by adding 0.8 mL of distilled water into an autoclaved 50-mL conical tube at 27°C for 4 days (Ryu and Beuchat, 2005) . Coupons with adhered bacterial cells were then placed into the conical tubes at 100% RH and incubated for 5 days (Ryu and Beuchat, 2005) . , Seoul, Korea) were the other two sanitizers tested. To maximize the efficacy of disinfection, all four sanitizers were prepared freshly before each experiment, and the coupons were respectively immersed in 100 mL of each chemical for 3, 5, or 10 min at 25°C.
Sanitizing methods
Bacterial enumeration
The number of B. cereus cells adhered onto the coupons after sanitization was determined. The coupons were transferred into conical tubes containing 30 mL of sterile phosphate-buffered saline and 3 g of glass beads (2 mm in diameter; Glastechnique MFG, Lauda-Königshofen, Germany) and then vortexed at maximum speed for 1 min to detach the bacterial cells from the surface of the coupons (Kim et al., 2007) . The suspensions were serially diluted in 9 mL of 0.1% peptone water, and the diluents were plated onto tryptic soy agar (Difco). Bacterial colonies were counted after 24-48 h of incubation of the plates at 37°C.
FE-SEM analysis
The B. cereus cells attached to, and biofilms formed on, the surface of the coupons were visualized by field emission scanning electron microscopy (FE-SEM). After biofilm formation, the coupons were pre-fixed in 2.5% glutaraldehyde solution for 3-4 h at 4°C, rinsed 5-6 times with 0.1 M phosphate buffer (pH 7.4 ± 0.1) at intervals of 10 min, and then incubated in fixation buffer (2:1:1 of 2% OsO 4 , H 2 O, and 0.2 M phosphate) for 2 h. After fixation, the coupons were dehydrated with an ethanol series (30-100%) and then dried twice with 100% isoamyl acetate solution, for 20 min each time, using a critical point drier (HCP-2; Hitachi Ltd., Tokyo, Japan). The dehydrated coupons were air-dried using an ion sputter (E-1030; Hitachi Ltd.) and then analyzed by FE-SEM (S-4200; Hitachi Ltd.).
Statistical analysis
Data were analyzed using SPSS Statistics (IBM SPSS Statistics ver. 19; SPSS Inc., Chicago, IL, USA). The t test was performed to compare significant differences between the mean values of bacterial cell attachment on coupons with different surface conditions and between those of bacterial cell survival after different sanitizer treatments (p \ 0.05). One-way analysis of variance followed by Duncan's multiple-range test was used to determine significant differences with a 95% confidence level.
Results and discussion
Bacillus cereus adherence and biofilm formation depending on the surface condition Differences in the bacterial adherence and biofilm formation were observed with regard to the condition and type of materials of the surfaces tested [ Fig. 1(A) ]. In the presence of scratches on the surface, polypropylene (PP) (7.62 ± 0.68 log CFU/10 cm 2 ) and wood (7.30 ± 0.68 log CFU/10 cm 2 ) showed significantly higher bacterial attachment than did stainless steel (SUS) (7.10 ± 0.74 log CFU/10 cm 2 ) and glass (GL) (7.08 ± 0.65 log CFU/ 10 cm 2 ). On a smooth surface with biofilm formation, the bacterial cell count on wood, PP, polyethylene (PE), SUS, and GL was 8.02 ± 0.33, 7.76 ± 0.30, 7.66 ± 0.30, 7.51 ± 0.26, and 7.36 ± 0.08 log CFU/10 cm 2 , respectively. The number of B. cereus cells on the scratched surfaces with biofilms tended to be significantly higher than that on the smooth ones regardless of material type.
The B. cereus cells on the contact surface with the biofilm were observed using field emission scanning electron microscopy (FE-SEM). The food contact surface with the biofilm was divided into two groups according to the hydrophobicity of the material type: those with relatively low hydrophobicity (SUS and GL) and those with relatively high hydrophobicity (PE and PP). Both SUS and GL with biofilm formation showed more bacterial attachment on scratched surfaces than on smooth surfaces [ Fig. 1(B) ]. Similar results were observed on the surfaces with relatively high hydrophobicity.
The hydrophobic materials (PE and PP) showed higher attachment of bacterial populations than did the relatively hydrophilic ones (SUS and GL) (Fig. 1) . Moreover, a scratched surface with biofilm formation had a synergistic effect on bacterial attachment to the coupon. B. cereus preferred a scratched surface with biofilm over the other Removal of Bacillus cereus on food contact surface 583 surface conditions for attachment (Fig. 1) . Consistent with our data, Araujo et al. (Araújo et al., 2009) reported that adherence of B. cereus on any food contact surface is affected by the hydrophobicity and roughness of the surface. The hydrophobicity contributes to adhesion of bacterial cells to surfaces since the water layer on a hydrophobic surface is easily removed owing to the lower interaction between the surface molecules and water molecules (Araújo et al., 2009 ).
Efficacy of chemical sanitizer treatment against B. cereus depending on the surface condition
The effects of different chemical sanitizers (chlorine, chlorine dioxide, 70% alcohol, and QAC) on the B. cereus cells and biofilm from different surface conditions and materials are shown in Tables 1, 2 , 3, 4 and 5. Table 1 shows the population of B. cereus cells on SUS surfaces after sanitizer treatment for 0, 3, 5, or 10 min. For the 3 min treatment, all sanitizers showed significantly higher activities against B. cereus cells on SUS without a biofilm than on SUS with a biofilm. All sanitizer treatments of over 3 min did not show any further reduction of B. cereus cells, regardless of the surface conditions. For the 5 min treatment, chlorine dioxide and QAC reduced the bacterial cells on the scratched surface to 4.92 ± 0.96 and 4.48 ± 0.35 log CFU/10 cm 2 , respectively. For the 10 min treatment, all four sanitizers significantly decreased the bacterial counts on the biofilm-formed groups relative to the initial population counts. Among them, chlorine showed the best bactericidal activity against B. cereus on the surface with scratch and biofilm. However, we could not observe any significant sanitizing activity on the nonbiofilm groups, regardless of surface roughness. Table 2 shows the effects of the four sanitizers against B. cereus on GL for 0, 3, 5, or 10 min. For the 3 min treatment, the populations of B. cereus on the smooth and scratched surfaces after chlorine dioxide treatment were 6.42 ± 0.74 and 6.57 ± 0.67 log CFU/10 cm 2 , respectively. Similarly, alcohol and QAC treatments lowered the bacterial cell number to 5.49 ± 1.18 and 5.45 ± 0.44 log CFU/10 cm 2 , respectively. For the 3 min treatments, all sanitizers effectively reduced B. cereus in the non-biofilm groups especially chlorine and QAC. Chlorine treatment for 10 min on glass surface with biofilm showed statistically significant reduction of B. cereus compared to other Values are expressed as the mean ± standard deviation (n = 3) 2)ABC Means followed by the different upper case letter within each row are significant different (p \ 0.05) 3)abc Means followed by the different lower case letter within the same treatment time are significant different (p \ 0.05) Removal of Bacillus cereus on food contact surface 585 sanitizers but the difference in B. cereus count was less than 1 log CFU/10 cm 2 .
Glass
Polyethylene
The efficacy of the sanitizers against B. cereus on PE with various surface conditions is shown in Table 3 . The lowest mean populations of B. cereus after sanitizer treatment for 3 min were observed on the smooth surfaces, being 5.0, 5.52, 5.29, and 5.33 log CFU/10 cm 2 for the chlorine, chlorine dioxide, alcohol, and QAC treatments, respectively. All sanitizer treatments for 5 min effectively killed B. cereus cells in the non-biofilm groups compared with the biofilm group. For 5 and 10 min treatment, chlorine showed a significantly higher activity than alcohol and QAC in biofilm group with or without scratches. Table 4 summarizes the sanitizing activity of the chemical agents on PP. Similar to that observed on PE, chlorine showed the highest bactericidal activity against B. cereus on PP. All sanitizer treatments on smooth and scratched surface without biofilm showed similar reduction of B. cereus. However, for surface with biofilm, chlorine treatment exhibited significant effects on B. cereus compared with the other sanitizers. The remaining bacterial cell counts on smooth surfaces with biofilms after chlorine and chlorine dioxide treatments for 3 min were 6.30 ± 0.55 and 6.71 ± 0.05 log CFU/10 cm 2 , respectively. On the other hand, bacterial populations treated with alcohol and QAC for 3 min numbered 6.89 ± 0.28 and 6.95 ± 0.15 log CFU/10 cm 2 , respectively. Chlorine treatment for 10 min significantly reduced B. cereus on surface with biofilm, approximately 5 log CFU/10 cm 2 , which was about \ l log CFU/10 cm 2 than other sanitizer treatments. Sanitizer treatment even for 10 min on PP was not enough to eliminate B. cereus cells. Table 5 shows the changes in bacterial counts on wood surfaces after the various sanitizer treatments. Significant differences in the population of B. cereus between the non- Values are expressed as the mean ± standard deviation (n = 3) 2)ABC Means followed by the different upper case letter within each row are significant different (p \ 0.05) 3)abc Means followed by the different lower case letter within the same treatment time are significant different (p \ 0.05) biofilm and biofilm groups were observed with all sanitizer treatments for 3 and 5 min. Similar to that observed on PP, all four chemical sanitizers failed to reduce the counts of B. cereus on the wood surfaces with scratches and biofilms by over a 2 log CFU/10 cm 2 reduction, despite up to 10 min of treatment.
Polypropylene
Wood
The presence of a biofilm is the most pivotal factor determining the efficacy of chemical sanitizers (Tables 1-5) . Consistent with the bacterial cell attachment results, the efficacy of each chemical sanitizer was dramatically suppressed in the presence of a biofilm on the food contact surface. It is also known that the efficacy of chemical sanitizers is much greater on adhered bacterial cells than on biofilm of five types of foodborne pathogens; namely, Escherichia coli O157:H7, Listeria monocytogenes, Salmonella Typhimurium, Staphylococcus aureus, and Cronobacter sakazakii ). In our current study, the 100% RH condition used contributes greatly to the generation of biofilms. Bae et al. showed that the RH is positively correlated with biofilm formation, and those generated under 100% RH survived longer and were more highly resistant to sanitizer treatment than those formed under RHs of 23, 43, 68, and 85%. It is worth noting that a 100% RH represents the condition of a hot and humid summer season, when foodborne illnesses most often occur. Therefore, adequate cleaning and sanitization practices to prevent biofilm formation are critical in the food safety system. In addition, more careful safety management is required during a hot and rainy season.
It seems B. cereus is relatively more resistant than other foodborne bacteria to chemical sanitizer treatment. According to our results, the B. cereus population was never below the critical limit after chemical sanitizer treatment (Tables 1-5 ). Even after 10 min of treatment with the sanitizers tested, the reduction of bacterial cells was \ 2 log CFU/10 cm 2 (Tables 1-5 ). However, we previously reported that chemical sanitizers, such as 70% alcohol and chlorine, could reduce the population of S. aureus below the detection limit of \ 2.48 log CFU/cm 2 (Kim et al., 2017) . Moreover, the resistance of B. cereus by Values are expressed as the mean ± standard deviation (n = 3) 2)ABC Means followed by the different upper case letter within each row are significant different (p \ 0.05) 3)abc Means followed by the different lower case letter within the same treatment time are significant different (p \ 0.05) Removal of Bacillus cereus on food contact surface 587 chemical sanitizer treatment was supported by the fact that time did not increase sanitizer efficacy after 3 min. In the case of S. aureus, however, the bactericidal activity of the sanitizers increased in a time-dependent manner (Kim et al., 2017) . Therefore, the establishment of sanitization guidelines specific to B. cereus is required, based on the scientific evidence obtained. In addition to biofilm presence, the type of material of the contact surface is also an important factor affecting the efficacy of chemical sanitizers, and is generally characterized by its hydrophobicity and roughness (Bernardes, 2010; Fernandes et al., 2014) . The reduction of B. cereus on wood with rough surface by the sanitizer treatments for 3 min was relatively less than that on other materials tested. Although our data showed that chlorine was the most effective chemical sanitizer tested for surface with biofilm, the log reduction between the initial population and the population after 10 min of chlorine treatment decreased with the increasing hydrophobicity of the surface materials. It is well known that a higher hydrophobicity of the food contact surface lowers the efficacy of chemical sanitizers, possibly by increasing bacterial adhesion to the food contact surface and formation of the biofilm (Joseph et al., 2001; Ren and Frank, 1993) . In addition, the roughness of the food contact surface reduces the sanitization efficacy (Hilbert et al., 2003; Lomander et al., 2004) . Chemical sanitizer treatment was not efficient to inactivate B. cereus on the surface of PP and wood owing to the inherent features of these materials. Because of the hydrophobicity of PP and the naturally existing pores in wood, B. cereus can attach easily onto the surface and form a biofilm. In particular, wood is the most difficult surface from which to remove bacterial cells by chemical sanitizers because of its low surface charge and naturally existing surface roughness (Adetunji and Isola, 2011) .
The results from this study suggest that general sanitizing methods may not be effective depending on the type and condition of the food contact surface. Therefore, it is necessary to select cleanable materials for the food contact surface, and to use smooth surfaces in order to enhance the Values are expressed as the mean ± standard deviation (n = 3) 2)ABC Means followed by the different upper case letter within each row are significant different (p \ 0.05) 3)abc Means followed by the different lower case letter within the same treatment time are significant different (p \ 0.05) effectiveness of sanitizing methods. Since the presence of biofilm on the food contact surface significantly suppresses the sanitizer activity, it is necessary to avoid circumstances favorable for biofilm generation. In practice, adequate cleaning with proper detergents and brushes should be done before sanitization to inhibit biofilm formation.
